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ORIGINAL ARTICLE
Congenital Stapes Ankylosis Associated With
Another Ossicular Chain Anomaly
Surgical Results in 30 Ears
Henricus G. X. M. Thomeer, MD; Henricus P. M. Kunst, MD, PhD; Cor W. R. J. Cremers, MD, PhD
Objective:To describe the audiometric results after sta-
pes surgery in a consecutive series of patients with sta-
pes footplate ankylosis combined with another ossicu-
lar middle ear anomaly.
Study Design: A retrospective analysis of charts col-
lected between 1986 and 2001.
Setting: A tertiary referral center.
Patients:A total of 25 patients (30 ears) underwent ex-
ploratory tympanotomies and ossicular reconstruction.
Main Outcome Measure: Audiometric results.
Results: Overall, a mean gain in air conduction of 18
dB (from 49 dB to 31 dB) and a mean postoperative air-
bone gap (ABG) of 20 dB (mean preoperative ABG, 40
dB) were observed. The ABG closure was 20 dB or less
in 70% of cases, which is in agreement with the few re-
sults reported in the literature. Moreover, the audio-
metric results remained stable. In the group of ears with
a syndrome, the mean gain of air conduction was only
19 dB, which was comparable to that observed among
nonsyndromic ears.
Conclusions: Surgery for congenital stapes footplate an-
kylosis with a concomitant ossicular chain anomaly can
provide worthwhile hearing improvement. The ABG clo-
sure was 20 dB or less in 21 of 30 ears (70%). Most ears
had some sensorineural impairment (10-20 dB), which
influenced the final hearing level after surgery. Over re-
cent decades, the technique of the malleostapedotomy
procedure has been improved. Preoperative assessment
is mandatory for syndromal diagnoses, which might be
important for patient counseling and prognosis.
Arch Otolaryngol Head Neck Surg. 2011;137(9):935-941
C ONGENITAL ANOMALIES OFthe ossicular chain caus-ing conductive hearingimpairment are rare, evenat a tertiary referral cen-
ter. The topic is rarely investigated in the
otology literature. The incidence among
children with conductive hearing impair-
ment is between 0.5% and 1.2%.1,2 Sev-
eral classifications of these anomalies have
been developed over time, mainly from a
surgical viewpoint, to categorize the sur-
gical findings and to further analyze the
outcomes of the surgical interventions.3-6
The 2most recent classifications are in fact
based on the previously published Crem-
ers classification6 and subdivide the main
categories of that report into more mor-
phological subcategories.
Class II anomalies7 include cases in
which a stapes footplate ankylosis is as-
sociated with an anomaly of the malleus
and/or the incus. Class I consists of cases
in which a congenital isolated stapes foot-
plate ankylosis is present. These class I
anomalies have been the subject of serial
analysis more frequently than the class II
category of anomalies.8 However, the out-
come of a surgical intervention in such
class II series is usually satisfactory.6,7
A congenital ossicular chain anomaly
normally causes large conductive hear-
ing impairments (40-60 dB). However, a
permanent sensorineural component of 5
to 15 dB is frequently part of the total hear-
ing impairment. After a successful surgi-
cal intervention, such preoperative sen-
sorineural impairment becomespermanent
and frequently limits the final surgical out-
come such that completely normal hear-
ing levels are not achieved after surgery.
A syndromal diagnosis can become part
of a preoperative surgical evaluation.More
than 70 different genetic syndromes with
a conductive or mixed hearing impair-
ment component have been reported.9
Such a syndromal diagnosis might help
predict whichmiddle ear anomaly and os-
sicular chain anomaly, as well as the po-
tential outcome of a surgical interven-
tion, are to be expected.10
Herein, we describe the second con-
secutive series of class II congenital os-
sicular chain anomalies from a tertiary re-
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ferral center, reporting the surgical findings and outcomes
of that series. We also report the outcomes of a preop-
erative syndromic workup. These results are compared
with outcomes of similarly categorized series published
in the literature.
METHODS
Between 1986 and 2001, exploratory tympanotomy was per-
formed on 107 ears; congenital ossicular chain anomalies were
observed in 89 patients. The medical records of 25 (30 ears) of
these 89 patients, who underwent surgery for a stapes anky-
losis associatedwith another ossicular chain anomaly, were ana-
lyzed. All patients were treated at the Department of Otorhi-
nolaryngology, RadboudUniversityMedical Centre, Nijmegen,
the Netherlands. In this study, patients who were diagnosed
as having osteogenesis imperfecta or otosclerosis were ex-
cluded. Theminimum age required for surgery was 8 years. All
patients had a history of hearing loss since early childhood. A
history of long-termmiddle ear abnormalities was excluded in
all cases bymedical records, otologic examination findings, and
information provided by the referral center. Various surgical
techniques have been used to reconstruct the ossicular chain
as part of a stapedotomy or stapedectomy procedure.
Computed tomography of the temporal bones was per-
formed mainly to exclude obvious anomalies of the inner ear
and the internal acoustic canal and to obtain accurate infor-
mation on the risk of a stapes gusher.11 Additional useful in-
formation was obtained on pneumatization of the mastoid and
the size of the middle ear.
Intraoperative findings were classified according to the Cre-
mers classification6 of congenital middle ear anomalies
(Table1). The anomalies of the ossicular chain associatedwith
congenital stapes ankylosis (class II) were divided into 3 sub-
groups: type a for the ears with congenital stapes ankylosis and
an ossicular discontinuity; type b for the ears with congenital
stapes ankylosis with an epitympanic fixation (Figure 1A and
B); and type c for the ears with a stapes ankylosis combined
with a tympanic ossicular fixation (including fossa incudis fixa-
tion) (Figure 1C).
All patients underwent general anesthesia. A transcanal ap-
proach was typically used in combination with a transmastoid
approach if (epi)tympanic fixation of the ossicular chain was
suspected. After the middle ear was exposed, the mobility of
the malleus and the incus was determined. The incudostape-
dial joint was then separated. Mobilization of the ossicles could
be performed by elimination of excessive bone in the epitym-
panum or tympanum and/or by removal of the incus and/or the
head of themalleus. On confirmation of a stapes fixation, a small
fenestra stapedotomy or a stapedectomy/partial platinectomy
was performed after removal of the stapedial tendon and the
posterior crus. The fenestration was performed by creating a
fenestration stapedotomy in the footplate using a diamond drill.
The anterior crus with capitulum of the stapes was fractured
and removed. Most patients received the Fish Teflon-
platinum piston prosthesis for reconstruction of the ossicular
chain during incudostapedotomy.
Table 1. Intraoperative Findings According to the Cremers Classificationa
Class Anomaly Subclassification
I Isolated stapes footplate fixation
II Stapes fixation with another congenital ossicular chain anomaly a. Ossicular discontinuity
b. Epitympanic fixation
c. Tympanic fixation
III Anomaly of ossicular chain but mobile stapes footplate a. Ossicular discontinuity
b. Epitympanic fixation
c. Tympanic fixation
IV Congenital aplasia/dysplasia of the oval window or round window a. Aplasia
b. Dysplasia
b1. Abnormal facial nerve
b2. Persistent stapedial artery
aAdapted with permission from Teunissen and Cremers.6
A B C
Figure 1. The anomalies of the ossicular chain associated with congenital stapes ankylosis (class II). A, Epitympanic fixation anterior of the malleus head
(transcanal approach). B, Epitympanic fixation of the incus head (transmastoid approach). C, Isolated fixation of the short process of the incus in association with
an open epitympanum, without fixation (transmastoid approach).
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The parameters of patients in this series, which were ana-
lyzed and tabulated in a computer database, included age, sex,
unilateral or bilateral congenital middle ear anomaly, syndro-
mal diagnosis, comorbidity, otoscopy before surgery, otologic
history, preoperative audiometric testing, surgeon, periopera-
tive findings, and surgical technique used. Postoperative hear-
ing results and surgical failures were noted.
Preoperative pure-tone averages for 0.5, 1.0, 2.0, and 4.0 kHz
for air conduction (AC), bone conduction (BC), and air-bone gap
(ABG)were comparedwith the corresponding postoperative val-
ues. The postoperative reference mean hearing thresholds were
obtained at the 1-year follow-up visit. Long-term follow-up data
were also collected. Postoperative BC valueswere accepted as the
preoperative BC level to calculate the preoperative ABG unless
the postoperative BC hearing level was worse.
Air conduction thresholds in operated ears and nonoperated
ears were also evaluated with the Amsterdam Hearing Evalua-
tion Plot,12 which allows assessment of the individual benefit ob-
tained after surgical intervention (Figure 2A). The 2 dotted di-
agonal lines enclose the areawithin the BC that changed less than
10 dB. If a case is located above both diagonal lines, it is defined
as iatrogenic cochlear damage. In Figure 2B, the horizontal axis
represents the postoperative change in AC, and the vertical axis
represents the preoperative ABG. The solid diagonal line indi-
cates total closure of the gap between preoperative AC and BC.
Consequently, every point below the diagonal solid line indi-
cates a gain in AC that is larger thanwould be expected from the
preoperative ABG (overclosure). An unsatisfactory surgical re-
sult in this graphic presentation is defined as a negative change
in the AC threshold or a change in AC that was not sufficient to
close the gap between the postoperative AC and the preopera-
tive BC to 20 dB or less. Every point above the dotted line indi-
cates such a result. Other studies use the 1995 American Acad-
emy of Otolaryngology–Head and Neck Surgery Committee on
Hearing and Equilibrium guidelines,13 but in this retrospective
chart review study, we did not encounter measurements at 3.0
kHz; therefore,weused the4.0-kHz frequency.Nonetheless, there
is evidence that the average of 0.5-, 1.0-, 2.0-, and 4.0-kHz mea-
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Figure 2. Individual postoperative audiometric outcome in 30 operated ears
according to the Amsterdam Hearing Evaluation Plots. A, The 2 dotted
diagonal lines enclose the area within bone conduction (BC) that changed
less than 10 dB. In 2 cases (patients 13 and 23), a deterioration of the
perceptive hearing threshold from 5 to 25 dB was noted. HL indicates
hearing level. B, The horizontal axis represents the postoperative change in
air conduction (AC), and the vertical axis represents the preoperative
air-bone gap (ABG). The solid diagonal line indicates the total closure of the
gap between preoperative AC and BC. Most patients (situated between the
solid and the dotted diagonal lines) showed an improvement of the ABG to
within 20 dB threshold.
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Figure 3. Individual preoperative, postoperative, and most recent hearing
levels for bone conduction and air conduction in 30 operated ears, according
to the Cremers classification.6 The asterisks indicate the audiometric values
of cases before revision surgery. The first column of each ear indicates the
preoperative hearing threshold; the second column represents the 1-year
postoperative time point; and the third column indicates the threshold
obtained at the last performed audiogram. A shows the ears in class IIa.
B shows the ears in class IIb. C shows the ears in class IIc.
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surements canbedirectly comparedwith the frequency rangepro-
posed by the American Academy of Otolaryngology–Head and
Neck Surgery.13
Statistical analysis was carried out for comparisons be-
tween preoperative and postoperative values and for audio-
metric outcome. The correlation between postoperative hear-
ing results and surgical technique, stapedectomyor stapedotomy,
and syndromal diagnosis was analyzed. The different surgical
interventions (2 types: malleostapedotomy and incudosta-
pedotomy) used and their surgical outcomes were compared
using the Mann-Whitney U test. Furthermore, the 2 test was
used for evaluation of postoperative hearing level comparedwith
the preoperative level. Statistical significance was set at P .05.
RESULTS
Stapes fixation with a concomitant anomaly in the os-
sicular chain of the middle ear was encountered in all 25
patients (30 ears). The categorization of anomalies ac-
cording to the Cremers classification6 is as follows: a type
IIa anomaly was found in 7 ears (Figure 3A), a type IIb
anomaly was encountered in 11 ears (Figure 3B), and a
type IIc anomaly was confirmed in 12 ears (Figure 3C).
In subgroup 2c, we found 11 ears with incudal fossa fixa-
tion, whereas 1 ear showed general tympanic fixation.
Preoperative computed tomography (n=19) of the pet-
rous bone did not reveal any cochlear or inner ear ab-
normality. The study population consisted of 13 males
and 12 females (17 male ears and 13 female ears). The
age at surgery was younger than 10 years for 3 ears (1
patient aged 8 years, 2 patients aged 9 years), between
10 and 20 years for 22 ears, and older than 20 years for
5 ears; the mean (SD) age was 17 (9.8) years (age range,
8-44 years). In 11 ears, the ossicular chain disorder was
unilateral (37%); in 19 ears, it was bilateral (63%)
(Table 2). In 10 (5 patients) of these 19 ears, bilateral
surgery was performed; this group was also included in
the series of 107 ears. Of the remaining 9 ears, 5 under-
went an exploratory tympanotomy on the contralateral
side, but these ears did not meet the requirements of a
class II ear anomaly. In 4 of 30 ears, a monopodal stapes
superstructure was noted. Table 3 lists the success rates
divided according to the type of surgical procedure (in-
cudostapedotomy ormalleostapedotomy). There was no
significant difference in surgical outcome (overall P value,
.09). The incus was removed in 10 ears, and a malleo-
stapedotomy was performed in all 10 ears. Nearly all ex-
ploratory tympanotomies (26 of 30) were performed by
the senior author (C.W.R.J.C.). In this study, there was
neither postoperative damage to facial nerve function nor
persistent dizziness after stapes surgery. No stapes gush-
ers were encountered.
The average preoperative AC for all patients was 49
dB (range, 28-96 dB) (Table 4). The mean preopera-
tive ABG was 40 dB (range, 14-65 dB). The mean post-
operative AC was 31 dB (range, 9-78 dB), with a mean
postoperative ABG of 20 dB (range, 0-60 dB). A signifi-
cant hearing gain was observed in this series of surgi-
cally treated congenital stapes fixation with a concomi-
tant ossicular anomaly (P .001). A closure of the
preoperative ABG to within 20 dB was achieved in most
ears (21 of 30 [70%]) (Figure 2B and Table 5). The pre-
operative and postoperative results at 1 year and at the
most recent audiographic evaluation are presented for each
patient in Figure 3. No significant correlation was noted
between postoperative audiometric results and type of
anomaly or age of the patient (Table 6). Postoperative
follow-up ranged from 11 to 218 months, with an aver-
age of approximately 7.7 years; themedian follow-upwas
85months. The long-term results (Table 4) showed amild
deterioration of the audiometric results: BC from 12 to18
dB and AC from 31 to 39 dB. The mean ABG remained
stable: 20 dB after 1 year and 21 dB at the last audio-
graphic evaluation.
In Figure 2A, the individual audiometric outcome af-
ter exploratory tympanotomy is illustrated in an alter-
native manner. The figure shows that the preoperative
and postoperative difference in BC remainedwithin 10-dB
hearing level in almost all cases. In 2 patients (cases 13
and 23), a deterioration of the perceptive hearing thresh-
Table 3. Success Rate Closure of the Air-Bone Gap (ABG)
in the Incudostapedotomy Group Compared With
the Malleostapedotomy Groupa
ABG, dB
No. (%)
P Value
Incudostapedotomy
Group
(n=18)
Malleostapedotomy
Group
(n=12)
10 3 (17) 4 (33) .28
20 11 (61) 10 (83) .62
20 7 (39) 2 (17) .14
aOverall (n=30), no statistical significant surgical outcome in ABG closure
was noted between the 2 surgical procedures (P=.09).
Table 2. Patient Characteristics and Perioperative Parameters
Type
(n=30)
Unilateral/
Bilateral
Ear
Syndromal
Diagnosis,
Yes/No
Major
Anomaly,
Yes/No
Surgery,
Endaural/
Combinationa
Argon
Laser,
Yes/No/NA
Inner Ear
Anomalies
on CT
(No. of
Ears)
Surgeon,
Senior
Authorb/
Other
Chorda
Lesion,
Yes/No/NA
Facial
Nerve
Lesion
Stapes
Gusher Malleostapedotomy
Teflon
Incus-Stapes
IIa (n=7) 3/4 1/6 4/3 7/0 2/5/0 No (5) 5/2 1/6/0 No No 5 2
IIb (n=11) 6/5 5/6 5/6 4/7 5/5/1 No (7) 9/2 1/9/1 No No 5 6
IIc (n=12) 2/10 6/6c 2/10 2/10 1/11/0 No (7) 12/0 11/0/1 No No 2 10
Abbreviations: CT, computed tomography; NA, not applicable.
aCombination of retroauricular and endaural approaches.
bDr Cremers.
cFour patients (6 ears) with Teunissen-Cremers syndrome.
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old from 5 dB to 25 dB was noted (Figure 2A). One pa-
tient (case 13) was diagnosed as having Toriello syn-
drome,15 and the other (case 23) had Teunissen-
Cremers syndrome and was already described in the
literature (Dutch case 1).16
Figure 2B shows that disappointing postoperative au-
diometric results were seen in 11 of the 30 ears (cases 9,
13, 15, 16, 20, 21, 23, 24, 26, 29, and 30). Reex-
ploration was performed in 8 ears (cases 4, 9, 20, 23, 24,
26, 29, and 30). Successful reconstruction was per-
formed in 3 ears (cases 4, 23, and 24). In 2 of these ears
(cases 4 and 23), revision surgery was necessary be-
cause of Teflon piston luxation; in 1 ear (case 24), re-
current bony closure of the footplate after stapedotomy
necessitated revision surgery. In ear 23, the perceptive
hearing impairment was encountered during the period
between 1 year after surgery and the time of reex-
ploration. None of the reconstructions performed in the
other 5 cases were successful. In 1 of 5 ears (case 9), epi-
tympanic ossicular refixation necessitated remodeling of
the incus to create a malleostapedotomy. In the second
ear (case 20), the disappointing result supported reex-
ploration, and mobilization of the fossa incudis fixation
was performed. In case 26, the stapedotomy opening
seemed too small, necessitating partial platinectomy, but
conductive hearing loss remained after revision. In case
29, a luxation of the Teflon piston perforated the tym-
panic membrane; during revision surgery, a new piston
was added, but the reason for the remaining ABG re-
mains elusive. In 1 patient (case 30), acquired choles-
teatoma was observed a few years after primary surgery.
Perceptive hearing impairment was obtained in 5 ears
(cases 9, 20, 23, 24, and 29), and usually the impair-
ment occurred slowly after reexploration and was pro-
gressive. Although not all revisionswere successful (cases
9, 20, 26, 29, and 30), the hearing results of this series
can generally be considered worthwhile.
A syndromal diagnosis was made in 12 of the 30 ears
(40%). Teunissen-Cremers syndrome was diagnosed in
7 ears (cases 18, 19, 21, 23, 24, 27, and 28) and con-
firmed in some patients bymutational analysis.16-18 Bran-
chio-oto-renal syndrome was found in 3 patients (cases
7, 10, and 16). Other syndromes, including Toriello syn-
drome15 and lacrimoauriculodentodigital syndrome,were
diagnosed in 2 more ears (cases 13 and 14).19 In 11 of
these syndromal ears, a clear history of familial hearing
Table 4. Audiometric Parameters in 30 Ears Before and After Exploratory Tympanotomiesa
Variable
Mean (SD)
AC, db HL BC, db HL ABG, dB HG, dB SNHL,b dB ABG Closure,c dB
Before surgery 49.1 (13.3)
(n=30)
8.8 (8.0)
(n=30)
40.3 (12.2)
(n=30)
NA NA NA
One year after surgery 31.2 (18.0)
(n=30)
11.5 (9.2)
(n=30)
19.6 (14.2)
(n=30)
18.0 (20.7)
(n=30)
−2.7 (5.3)
(n=30)
20.7 (18.0)
(n=30)
Long-term follow-up
after surgeryd
38.6 (19.5)
(n=30)
17.6 (15.5)
(n=30)
21.0 (12.9)
(n=30)
10.5 (23.0)
(n=30)
−8.8 (14.9)
(n=30)
19.3 (17.7)
(n=30)
Abbreviations: ABG, air-bone gap; AC, air conduction threshold; BC, bone conduction threshold; HG, hearing gain; HL, hearing level; NA, not applicable;
SNHL, sensorineural hearing loss.
aThe mean preoperative and postoperative values were calculated from the results of stapes surgery. The mean values for AC, BC, HG, ABG, and ABG closure
were based on the average thresholds from frequencies 0.5, 1.0, 2.0, and 4.0 kHz. The postoperative BC values were accepted as the preoperative BC level to
calculate the preoperative ABG unless the postoperative BC HL was worse.
bThe SNHL represents the loss in BC thresholds calculated by subtracting the postoperative BC threshold from the preoperative BC threshold.
cThe ABG closure was calculated by subtracting the postoperative ABG from the preoperative ABG.
dMean, 7.7 years.
Table 5. Air-Bone Gap and Hearing Gain Following Exploratory Tympanotomya
Variable Present Study Teunissen and Cremersb Kisilevsky et alc
Before surgery
No. of ears (total No. of ears in study) 30 (30) 32 (32) 15 (40)
Follow-up, mo 12 12 12
Mean BC, dB 9 16 22
Mean AC, dB 49 53 52
Mean ABG, dB 40 37 30
After surgery
Mean BC, dB 12 15 21
Mean AC, dB 31 30 34
Mean ABG, dB 20 15 13
HG, dB 18 23 18
BC loss 10 dB, % (No. of ears) 7 (2) 9 (3) NA
ABG 20 dB, % (No. of ears) 70 (21) 63 (20) NA
Abbreviations: ABG, air-bone gap; AC, air conduction; BC, bone conduction; HG, hearing gain; NA, not applicable.
aPreoperative and postoperative audiometric outcomes. Only studies describing more than 10 patients were included.
bBased on mean pure-tone average: 0.5, 1.0, and 2.0 kHz.7
cBased on mean pure-tone average: 0.5, 1.0, 2.0, and 3.0 kHz.14
ARCH OTOLARYNGOL HEAD NECK SURG/VOL 137 (NO. 9), SEP 2011 WWW.ARCHOTO.COM
939
©2011 American Medical Association. All rights reserved.Downloaded From: http://archotol.jamanetwork.com/ by a Radboud University Nijmegen User  on 07/11/2012
loss was noted. Themean gain in AC in these 12 ears was
19 dB, which is consistent with the mean gain in AC in
the rest of the study population.
COMMENT
In the present series, hearing impairment as a result of
congenital stapes ankylosis associated with another con-
genital ossicular chain anomaly (class II according to the
Cremers classification6) was observed. The preopera-
tive diagnosis of conductive hearing loss due to congen-
ital anomaly is rather challenging. A serous otitis media
or recurrent acute otitis media (which frequently oc-
curs in children) superimposed on the congenital mal-
formation might delay the correct diagnosis and treat-
ment. Furthermore, attempts at surgical management by
placement of ventilation tubes without middle ear in-
spection exacerbates this delay even more, which may
adversely affect speech and language development and
learning ability. The right treatment is adaption of an ap-
propriate amplification as early as possible or later on a
surgical intervention. However, surgery in children
younger than 10 years is reported to be less common.7
Bilateral rather than unilateral hearing impairmentmakes
the need for treatment evenmore urgent. During the years
before successful surgery in patients with bilateral hear-
ing impairment, hearing aids should be worn.
In cases of a syndromal diagnosis with multiple con-
genital dysmorphic features, hearing loss as a result of a
congenital anomaly seemsmore likely, particularly in cases
in which deformities of the branchial arch derivatives are
noted, such as in TreacherCollins syndrome20,21 and bran-
chio-oto-renal syndrome.22 In nonsyndromic cases, with-
out external abnormal anatomical features, an adequate
diagnosis remains challenging. The tympanic mem-
brane and external ear canal appeared normal in all non-
syndromic cases. Furthermore, conventional computed
tomography of the petrous bones did not reveal any
anomalies. However, very recently, new radiologic tech-
niques have become available. Currently, the radio-
graphic options used to visualize themiddle ear aremuch
more sophisticated.23 This new development will sub-
stantially facilitate preoperative assessment and sched-
uling for surgery in the near future. The mean preopera-
tive AC in this study was 49 dB; overall, we calculated a
gain of 18 dB. Table 4 shows the audiometric outcomes
after surgery.
In Figure 2, another format is used to report the post-
operative outcome according to the Amsterdam Hear-
ing Evaluation Plots.12 The purpose of this figure is to
visualize the hearing results of each individual ear after
stapes surgery. Figure 2A shows that in 2 ears (cases 13
and 23) some iatrogenic inner ear damage was encoun-
tered. Also, in Figure 2B, we noted 11 ears (cases 9, 13,
15, 16, 20, 21, 23, 24, 26, 29, and 30) in which an un-
satisfactory operative result was achieved; in 6 of these
ears (cases 9, 13, 23, 24, 26, and 29), there was a post-
operative deterioration in AC.
There are only a fewpublications about this rare patho-
logicmiddle ear entity, and only some are useful for com-
parison.3,7,14,24-31 In this series, thorough descriptions of
the deformities and accurate reports enabled us to dis-
tinguish between various corresponding deformities.
Therefore, it was possible to isolate the surgical findings
and results of the patients who were diagnosed as hav-
ing stapes ankylosis with a concomitant other ossicular
chain anomaly. The data are shown in Table 5. A range
in AC gain between 18 and 23 dB was obtained. These
results are similar to those published previously on sur-
gical outcomes. Moreover, the audiometric results re-
mained stable compared with the previously published
series.7
The outcome of this series and a few others3,7,14,24-31
confirms that surgery for congenital stapes ankylosis and
an associated deformity of the ossicular chain is an op-
portunity to improve hearing level (Table 5). In experi-
enced hands, reconstructivemiddle ear surgery will gen-
erally lead to a considerable improvement inhearing.More
recently, the opportunities to apply semi-implantable hear-
ing aids might provide new treatment options, espe-
cially when more conventional microsurgical proce-
dures do not provide the desired outcome.32
In conclusion, this new, consecutive series of pa-
tients with congenital stapes ankylosis associated with
another ossicular chain deformity demonstrated worth-
while hearing improvement, and the results are compa-
rable to those in previous reports in the literature on this
topic. Because of the recent improvement in surgical tech-
niques, a patient with unilateral or bilateral congenital
stapes ankylosis with a concomitant ossicular anomaly
might therefore benefit greatly frommiddle ear surgery.
Surgery is usually postponed until the patient is 8 to 10
years old.
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Age, y
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20 (n=5) 12.3 (19.8) 15.5 (16.6)
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correlation was found for any parameter mentioned (P .05).
ARCH OTOLARYNGOL HEAD NECK SURG/VOL 137 (NO. 9), SEP 2011 WWW.ARCHOTO.COM
940
©2011 American Medical Association. All rights reserved.Downloaded From: http://archotol.jamanetwork.com/ by a Radboud University Nijmegen User  on 07/11/2012
tation of data:Thomeer andCremers.Drafting of themanu-
script: Thomeer. Critical revision of the manuscript for
important intellectual content: Thomeer, Kunst, and Cre-
mers. Statistical analysis: Thomeer. Study supervision:
Kunst and Cremers.
Financial Disclosure: None reported.
Additional Contributions: Iris Post (www.irispost.nl)
contributed significantly to the figures produced for this
article.
REFERENCES
1. Briggs RJ, Luxford WM. Correction of conductive hearing loss in children. Oto-
laryngol Clin North Am. 1994;27(3):607-620.
2. Stewart JM, Downs MP. Congenital conductive hearing loss: the need for early
identification and intervention. Pediatrics. 1993;91(2):355-359.
3. Charachon R, Barthez M, Lavieille JP. Minor malformations of the ear ossicles:
new classification and therapeutic results. Ann Otolaryngol Chir Cervicofac. 1994;
111(2):69-74.
4. Tos M. Congenital ossicular fixations and defects. In: Surgical Solutions for Con-
ductive Hearing Loss. Vol 4. Stuttgart, Germany: Georg Thieme Verlag; 2000:
212-228.
5. Park K, Choung YH. Isolated congenital ossicular anomalies. Acta Otolaryngol.
2009;129(4):419-422.
6. Teunissen EB, Cremers WR. Classification of congenital middle ear anomalies:
report on 144 ears. Ann Otol Rhinol Laryngol. 1993;102(8, pt 1):606-612.
7. Teunissen B, Cremers CW. Surgery for congenital stapes ankylosis with an as-
sociated congenital ossicular chain anomaly. Int J Pediatr Otorhinolaryngol. 1991;
21(3):217-226.
8. Thomeer HG, Kunst HP, Cremers CW. Isolated congenital stapes ankylosis: sur-
gical results in a consecutive series of 39 ears. Ann Otol Rhinol Laryngol. 2010;
119(11):761-766.
9. Gorlin RJ, Toriello HV, Michael Cohen Jr M. Hereditary Hearing Loss and Its
Syndromes. New York, NY: Oxford University Press; 1995.
10. Cremers CWR, Teunissen E. The impact of a syndromal diagnosis on surgery
for congenital minor ear anomalies. Int J Pediatr Otorhinolaryngol. 1991;22
(1):59-74.
11. Cremers CWR, Snik AF, Huygen PL, Joosten FB, Cremers FP. X-linked mixed
deafness syndrome with congenital fixation of the stapedial footplate and peri-
lymphatic gusher (DFN3). Adv Otorhinolaryngol. 2002;61:161-167.
12. de Bruijn AJ, Tange RA, Dreschler WA. Efficacy of evaluation of audiometric re-
sults after stapes surgery in otosclerosis, II: a method for reporting results from
individual cases. Otolaryngol Head Neck Surg. 2001;124(1):84-89.
13. American Academy of Otolaryngology–Head and Neck Surgery Foundation Inc.
Committee on Hearing and Equilibrium guidelines for the evaluation of results
of treatment of conductive hearing loss. Otolaryngol Head Neck Surg. 1995;
113(3):186-187.
14. Kisilevsky VE, Bailie NA, Dutt SN, Halik JJ. Hearing results of stapedotomy and
malleo-vestibulopexy in congenital hearing loss. Int J Pediatr Otorhinolaryngol.
2009;73(12):1712-1717.
15. Brunner HG, Smeets B, Smeets D, Nelen M, Cremers CW, Ropers HH. Molecular
genetics of X-linked hearing impairment. Ann N Y Acad Sci. 1991;630:176-190.
16. Ensink RJ, Sleeckx JP, Cremers CW. Proximal symphalangism and congenital
conductive hearing loss: otologic aspects. Am J Otol. 1999;20(3):344-349.
17. Teunissen B, Cremers WR. An autosomal dominant inherited syndrome with con-
genital stapes ankylosis. Laryngoscope. 1990;100(4):380-384.
18. Weekamp HH, Kremer H, Hoefsloot LH, Kuijpers-Jagtman AM, Cruysberg JR,
Cremers CW. Teunissen-Cremers syndrome: a clinical, surgical, and genetic report.
Otol Neurotol. 2005;26(1):38-51.
19. Ensink RJ, Cremers CW, Brunner HG. Congenital conductive hearing loss in the
lacrimoauriculodentodigital syndrome. Arch Otolaryngol Head Neck Surg. 1997;
123(1):97-99.
20. Marres HA, Cremers CW, Marres EH. Treacher-Collins syndrome: management
of major and minor anomalies of the ear. Rev Laryngol Otol Rhinol (Bord). 1995;
116(2):105-108.
21. Marres HA, Cremers CW, Marres EH, Huygen PL. Ear surgery in Treacher Col-
lins syndrome. Ann Otol Rhinol Laryngol. 1995;104(1):31-41.
22. Cremers CWR, Thijssen HO, Fischer AJ, Marres EH. Otological aspects of the earpit-
deafness syndrome. ORL J Otorhinolaryngol Relat Spec. 1981;43(4):223-239.
23. Hodez C, Bravetti P. Imagerie du rocher par tomographie nume´rique à faisceau
conique. In: Imagerie dento-maxillo-facial par faisceau conqique. Paris, France:
Sauramps Medical; 2010:229-238.
24. Gundersen T. Congenital malformations of the stapes footplate. Arch Otolaryngol.
1967;85(2):171-176.
25. Hough JV. Malformations and anatomical variations seen in the middle ear dur-
ing the operation for mobilization of the stapes. Laryngoscope. 1958;68(8):
1337-1379.
26. House HP, House WF, Hildyard VH. Congenital stapes footplate fixation: a pre-
liminary report of twenty-three operated cases. Laryngoscope. 1958;68(8):
1389-1402.
27. Morimitsu T, Matsumoto I, Takahashi M, Komune S. Vestibular fenestration and
stapedioplasty in congenital stapes and vestibular window abnormality. Arch
Otorhinolaryngol. 1980;226(1-2):27-33.
28. Ombredanne M. Congenital deafness caused by malformations of the ear os-
sicles: surgical treatment [in French]. Ann Otolaryngol Chir Cervicofac. 1959;
76(6):425-454.
29. Ombredanne M. Surgery of congenital deafness caused by ossicle malforma-
tions: 34 further cases of operated minor aplasia, I [in French]. Ann Otolaryngol
Chir Cervicofac. 1962;79:485-518.
30. Ombredanne M. Surgery of congenital deafness caused by ossicle malforma-
tions: 34 further cases of operated minor aplasia, II [in French]. Ann Otolaryngol
Chir Cervicofac. 1962;79:637-662.
31. Scheer AA. Correction of congenital middle ear deformities. Arch Otolaryngol.
1967;85(3):269-277.
32. Cremers CW, O’Connor AF, Helms J, et al. International consensus on Vibrant
Soundbridge implantation in children and adolescents. Int J Pediatr
Otorhinolaryngol. 2010;74(11):1267-1269.
ARCH OTOLARYNGOL HEAD NECK SURG/VOL 137 (NO. 9), SEP 2011 WWW.ARCHOTO.COM
941
©2011 American Medical Association. All rights reserved.Downloaded From: http://archotol.jamanetwork.com/ by a Radboud University Nijmegen User  on 07/11/2012
